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Abstract 
The quality of potato seeds is important to support increased production. The majority of farmers  
do not certify potato seeds, which can result in various risks for potato seed production activities.  
This research aims to identify the risks of potato seed production and formulate risk control strategies 
for potato seeds production. The research uses house of risk method. The results of this study show 
thirty-nine identified risk events. The most impactful risk event was rotten potato. Thirty-two identified 
risk agents with two priorities must be handled first. The most effective ways in handling strategy are 
training, the certification of potato seed breeder farmers, potato seed certification, as well as purchasing 
breeder seeds from vegetable crop research center and from other seed breeders. This research suggests 
the needs to produce quality potato seeds by certifying potato seed and to update the competency 
certification of potato seed breeders. 
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Agricultural sector has a major contribution  
to Indonesia, especially in providing employment 
for the Indonesian population (Widyawati, 2017). 
One of the supporting factors for increasing 
production is the use of qualified seeds through  
a certification as one of the efforts to develop 
sustainable agriculture in Indonesia. Certification 
reflects the quality of seeds, which are expected  
to ensure high productivity leading to increasing 
national food production (Eljai et al., 2017). 
Seed treatment has an important role in 
sustainable agricultural production through 
protection from insects and diseases to increase 
yields (Sharma et al., 2015). Lack of awareness 
about seed treatment is a limiting factor in 
managing disease (Sharma et al., 2015). To solve 
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the problem in a sustainable seed supply system, 
a collaboration is required to be developed  
among farmers, researchers, agro-enterprise 
specialists, NGOs and the formal seed industry 
(David, 2004). 
Potato is one of agricultural products 
contributing to the fulfillment of the carbohydrate 
needs of the human diet (King and Slavin, 2013) 
and have important role as substitute for staple 
food (Zhang et al., 2017; Sawicka et al., 2018;  
Gao et al., 2019). In addition, potato contains 
mineral, protein, vitamins and others benefits 
(Love and Pavek, 2008; Burlingame et al., 2009; 
Tian et al., 2016), as well as phytochemicals  
as bioactive components (Ezekiel et al., 2013), 
which act as antioxidants in the prevention of 
many chronic diseases (McGill et al., 2013; 
Williams et al., 2013). 
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Potato production in Indonesia fluctuated 
during the 2015-2019 period, in which the 
production reached 1,314,657.00 tons in 2019 
(BPS-Statistics Indonesia, 2019). The potato 
production fluctuation was caused by many 
challenges in developing potatoes, including 
competing with other horticulture commodities 
and land conservation for other purposes  
(Rogi et al., 2016). Compared to other potato 
producing countries in Asia, Indonesia’s potato 
productivity was still low particularly in 2019, 
which reached 19.07 tons per hectare (Ministry  
of Agriculture, 2020). Potato productivity in  
other country such as in India reached 22.30  
tons per ha. Despite having a nearly identical 
climate to the country, Indonesia's potato 
productivity is still lower (Jella et al., 2017).  
The low productivity of potatoes in Indonesia  
was caused by several factors, such as farmers’ 
habits planting potato in all the whole parts of  
land (Yusianto et al., 2020), using low quality 
seeds, lack of knowledge about technical  
culture, continuous planting and limited capital  
of farmers (Sunaryono, 2007).  
Data from the Directorate General of 
Horticulture in 2008 reported that the availability 
of new certified seeds was only 8.3% of  
the national seed demand or 8,066 tons of  
96,277 tons (Mulyono et al., 2017). Lack of 
availability of quality and certified seed is one  
of the causes of low productivity of potato  
(Jufri et al., 2015). 
Potato seeds commonly used in developing 
countries are fourth or newer generation seeds. 
For example in Bangladesh, the seeds used by 
farmers are eighth-generation seeds, which have 
been reproduced by the government six times and 
by cultivators twice (Ilangantileke et al., 2001). 
The seeds commonly used by potato farmers in 
Indonesia are the fourth-generation. The newer 
the generation of potatoes used, the greater  
the likelihood of quality degradation to occur 
(Mulyono et al., 2017). 
Regarding the data of Central Bureau  
of Statistics (BPS-Statistics Indonesia, 2019),  
West Java produced large quantities of potato 
with an average production of 267,042 tons  
in the 2015-2019 period. One of the centers  
of potato production in West Java is Bandung 
Regency, which produces 5,061 tons of potatoes, 
equivalent to 38% of production in West  
Java. Kertasari Sub-district is one of the potato 
producers in Bandung Regency, with an altitude 
between 1,200-1,800 m above sea level, meeting 
the requirements for growing potato plants, which 
are suitable to grow at an altitude of 1,000-3,000 
m above sea level (Samadi, 2007).  
To fulfil its market needs, Kertasari produces 
not only potatoes but also potatoes seeds.  
The training program for potato seed production 
has been provided by the government and  
Japan International Cooperation Agency (JICA) 
to ten farmers in Kertasari since 1982. Potato  
seed production training has been provided  
to the farmers in Kertasari for four times.  
After attending the training, farmers are  
equipped with field education and assistance  
from food and horticulture crop seed supervision 
and certification center (Balai Pengawasan  
dan Sertifikasi Benih Tanaman Pangan  
dan Hortikultura-BPSBTPH) for one year.  
The training program has made Kertasari as  
one of the potato seed producing regions in 
Bandung Regency. However, after farmers were 
considered capable of implement the potato 
production activities independently without 
supervision, JICA's supervision was stopped. 
However, after the supervision termination,  
it seems that most of the farmers forgot  
the importance of potato seed certification. 
Breeding activities in Kertasari have supported 
the Bandung Regency Government's agricultural 
or plantation production improvement program. 
However, seed fulfilment efforts carried out by 
breeder farmers were not simple to implement. 
The potato seed certification process performed 
by the farmers in Kertasari was terminated 
because of the lack of capital (Hendra and 
Wulandari, 2020). According to farmers,  
the yield of the seeds to be certified was charged 
a fee of IDR 25 per kg for G2 seeds, so if  
farmers want to label 10 tons of seeds, the cost  
is difficult to afford. The cost is getting more 
difficult to afford if the farmers want to label  
G0 and G1 seeds because they have to spend  
IDR 5,000 and ID R3,000 per knol, respectively 
(per potato seed). 
Potato breeder farmers also faced challenges 
from pests and diseases. During the breeding 
period, the potato seeds could be attacked by 
Phthorimae operculella (Rondon, 2010), which 
might cause a loss of up to 25% of production 
yield. The attack of Ralstonia solanacearum 
caused the tuber to rot (Mansfield et al.,  
2012), while the strike of the Pseudomonas 
solanacearum bacteria could cause a loss as  
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many as 10-20 yields from 1000 seeds (Gunawan, 
2006; Setiawan, 2019). Challenges may also arise 
from plantlets with regard to temperature and 
humidity of the plantlets (Kozai et al., 1997). 
Transfer process of plantlets needs to be done 
carefully in sterile conditions, for tools, materials 
and farmers to avoid the possibility of failure  
in breeding.  
Those challenges provide the possibility of 
failure of the breeding process, which may affect 
production. Therefore, the management of each 
risk is required to be done to prevent worse  
impact (Musta’inah et al., 2017). This also needs 
to be done to minimize the possibility of losses. 
The training on potato seed breeding was given  
by the government, but breeder farmers still 
encountered production risks. Therefore, risk 
management strategies must be developed in 
order to reduce losses. The research of potato 
production risk in Kertasari is significant since  
the risk analysis of potato production has not been 
conducted in Kertasari as the important area  
for potato production. This research aims to 
analyze the risks of potato seed production  
and formulate risk control strategies for potato 
seed production. 
MATERIALS AND METHOD 
This study was conducted from June to 
November 2019, involving 10 potato breeder 
farmers in Kertasari as the entire population  
of this study. The object examined in this  
research was the risk of potato seed production. 
Kertasari was selected as the study area 
considering that Kertasari is one of the centers  
of potato production and potato seed breeding  
in Bandung Regency, West Java Province, 
Indonesia. This study applied risk analysis 
method. Descriptive analysis was performed to 
identify the risks occurring in potato seed 
production and to formulate mitigation strategies 
in Kertasari. The risk analysis in this study  
was conducted by applying the House of Risk 
(HOR) model. HOR is a modified form of  
House of Quality model (Pujawan and Geraldin, 
2009). There are two phases in the HOR, namely 
HOR 1 to determine the priority risk agents  
and HOR 2 to determine the priority of the most 
effective preventive measures. 
HOR 1 
There are several steps that are necessary  
to be carried out in HOR 1, namely identifying 
risks in each activity until finally risk events are 
obtained and assessing the severity of the impact 
of each risk event. The assessment is carried out 
by giving a value of 1 to 10 according to  
the severity of the impact caused where 10  
is given for a risk event that has a harmful effect. 
The next step includes identifying risk agents  
and providing an assessment of the possibility of 
occurrence. Similar to the assessment of risk 
events, an assessment for risk agents is also 
performed by giving a value of 1 to 10 according 
to the level of probability of occurrence.  
The smaller the given value means the risk  
agent almost never happens. After an assessment 
is completed, a correlation matrix between the risk 
agent and the risk event is made. Each column  
in the correlation matrix is given a value {0,  
1, 3, 9}, where 0 (zero) shows no correlation  
while 1, 3 and 9 show low, medium and high 
correlation levels, respectively. The final step  
in HOR 1 is calculating the ARPj value for each 
risk agent and ranking the highest ARPj value  
to the lowest. ARPj calculations use the following 
formula: 
 
ARPj = Oj∑SiRij … (1) 
where: 
ARP = Aggregate risk potential 
S = Severity of risk event 
R = Relationship between risk agent and risk 
event 
HOR 2 
After obtaining the rank of ARPj value for 
each risk agent, the steps in HOR is carried  
out. The first step in HOR 2 is determining  
the priority risk agent by using the Pareto 
diagram. The application of the Pareto law to  
risk is that 80% of loss is caused by only 20% of 
the crucial risk. If 20% of this crucial risk can be 
managed, the company can avoid 80% of the loss 
(Kountur, 2008). After obtaining a priority  
risk agent, a relevant preventive action (PA) is 
prepared to handle the risk agent and a correlation 
matrix between risk agent and preventive action  
is made. Each column in the correlation matrix  
is given a value {0, 1, 3, 9}, where 0 (zero) shows 
no correlation while 1, 3 and 9 show low, medium 
and high correlation levels, respectively. Each  
PA has the value of total effectiveness (TEk) 
which is calculated by the formula: 
 
TEk = ∑ ARPjj × Ejk … (2) 
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where: 
TE = Total effectiveness 
ARP = Aggregate risk potential 
E = Relationship between mitigation event 
and risk agent 
 
Next, an assessment of degree of certification 
(Dk) is carried out. The Dk value is represented  
by the number {3,4,5} in accordance with  
the difficulty level of applying the preventive 
action. The higher the Dk value, the more  
difficult preventive action to be realized and  
vice versa. The final step is calculating the 
effectiveness to certification (ETDk) for each 
preventive action and sort it from the highest  
to lowest. ETDk can be calculated using  





 … (3) 
where: 
ETDk = Effectiveness to certification 
TEk = Total effectiveness 
Dk = Degree of certification 
RESULTS AND DISCUSSION 
The research of potato production risk in 
Kertasari is vital, in which Kertasari is  
the important area for potato production. 
Therefore, the risk analysis of potato seed 
production and the formulation of risk control 
strategies for potato seed production are necessary 
to be performed in this study. Topographically, 
Kertasari has a mountainous terrain with 
highlands and hills. The majority of the land in 
Kertasari is used for agriculture, including potato 
cultivation. Farmers in Kertasari had the same 
technical basis for potato seed propagation 
because they participated in joint training. Each 
adjustment resulted in only a few technical 
differences in seed propagation among farmers. 
HOR 1 
In the process of potato seed production 
carried out by farmers in Kertasari, 39 risk events 
were identified. These risk events could be 
identified by discussions and interviews with 
farmers producing potato seeds. All the risks of 
potato seed production are presented in Table 1. 
 
Table 1. List of risk events of potato seed production 
Cultivation stages Risk event Severity  
Pre-planting Contamination of pests and/or diseases from neighboring 
farming 
6.0 
Unguaranteed quality of seed 6.0 
Lack of watering 7.0 
Increase in the production costs 7.0 
Irregular drainage channels 6.0 
Planting Plants do not grow 4.7 
 Plants grow slowly 3.0 
Crop spacing is not as recommended 4.0 
Caring Plants that are not watered 8.0 
Plants attacked by light-blight disease 7.3 
Plants that do not grow well 7.0 
Plants attacked by viruses 9.0 
Plants attacked by Fusarium sp. 7.8 
Plants attacked by Liriomyzahuidobrensis 6.0 
Uncontrolled pest 8.0 
Lack of pesticide 8.0 
Increased attack of pest 7.0 
Dead plants 8.5 
Flooded plants 8.0 
Attack of Phthorimaeoperculella 3.0 
Unidentified virus attacks 8.0 
Attack of Ralstonia solanacearum 9.0 
Attack of pests and diseases 7.0 
Plant overdose on pesticides 7.0 
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Cultivation stages Risk event Severity  
Harvesting Rotten harvested potatoes 9.3 
Hollowed harvested potatoes 8.3 
Elongated potato forms 3.0 
Riven harvested potatoes 5.0 
Harvested potatoes attacked by scab  8.0 
Stolen crop 5.0 
Late harvested plants 8.0 
Peeled off tuber skin is peeling 8.0 
Post-harvesting 
and storing 
Seeds attacked by Phthorimae operculella 8.3 
Seeds attacked by dry-rot disease 9.0 
Rotten seeds 8.5 
Seeds suffering physical damage 8.0 
White sprouts 6.0 
Packing Peeled of seed skin 2.0 
Rotten packaged seeds 8.0 
 
Table 1 presents that the greatest impact faced 
by the farmers in potato seed production was  
the rotten potato, with the value of 9.3. The rot  
of potato bulbs when harvested can be caused by 
several factors, one of which is weather. Potato 
plants require a lot of water but are very sensitive 
to standing water. Therefore, the drainage must be 
properly designed so that there is no puddle of 
water in the field of planting potato seeds. Potato 
must be harvested when the weather is sunny  
and does not rain (Pitojo, 2004). 
Besides the rotten potato, the high impact  
of potato seed production were plants attacked  
by viruses, plants attacked by Ralstonia 
solanacearum and seeds attacked by dry-rot 
disease. One of the preventive strategies that  
can be made to avoid virus attack on potato  
plants is by isolating potato seeding fields from 
the surrounding land (Ministry of Agriculture, 
2014). However, the farmers did not isolate  
the land due to the limited land. The disease 
caused by Ralstonia solanacearum can be 
threatened by crop rotation (Mwaniki et al.,  
2017). However, the farmers did not apply  
crop rotation because of land scarcity. 
Each identified risk event has its own  
root cause. Therefore, the identification of risk 
sources or risk agents is also required to be 
performed. Discussions and interviews with 
farmers have helped identify risk agent that 
occurred in potato seed production in Kertasari. 
The risk agents are presented in Table 2. 
 
Table 2. List of risk agents of potato seed production 
Risk source categories Risk agent Occurrence 
Climate and weather Unpredictable seasonal changes 6.2 
Flood 0.0 
Pest and disease Plants attacked by Thrips 8.0 
Plants attacked by Gryllotalpa sp. 8.0 
Plants attacked by Phthorimaeoperculella 8.0 
Labor Planting rotation on breeding area that was not done 8.0 
Untidy arrangement of plants 2.0 
Not sterile planting media 2.0 
No lime provided 3.0 
No Furadan given 1.5 
Position of sprouts when planting that was not facing up 6.0 
Late watering 5.0 
Labor Inaccurate disease analysis 2.3 
Delay or non-application of pesticides 3.5 
Excessive use of pesticides 1.0 
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Risk source categories Risk agent Occurrence 
Not installed stake 2.5 
Lack of supervision ahead of harvest 6.0 
Prematurely harvested plants 2.0 
Harvest done when raining 4.5 
Careful sorting the crops 2.5 
The seeds kept in wet 2.0 
Seeds stacked too high 4.0 
Storage without closing 2.0 
Lack of supervision of workers 6.0 
Inadvertently work 4.3 
Capital and price Unfavorable market price 5.0 
The storage warehouse temperature that was too hot or 
cold 
2.7 
Seeds without certificates 9.0 
Breeding area adjacent to the neighboring farming 7.5 
Warehouse facilities that do not meet the standards 8.0 
Limited capital 7.0 




Table 2 demonstrates that the most frequently 
occurring risk agent that appears in potato  
seed production in Kertasari was seeds without  
a certificate, with a value of 9, indicating that  
the incidence rate for the risk agent of seeds 
without a certificate is very high or very frequent. 
The access of quality seeds is crucial to  
improve food security (Abebe and Alemu,  
2017). BPSBTPH requires seed producers to use 
certified (labelled) seeds in their breeding 
activities, but most the farmers did not meet  
those requirements. 
According to the farmers, initially certified 
seeds were used and the seed certification process 
was carried out. This began when the seed 
breeding training in Kertasari accompanied  
seed certification supervised by BPSBTPH. 
However, after the training period was 
accomplished, only few farmers continued  
seed breeding and certification activities, while 
the rest did not carry out seed certification,  
in which was currently the case for almost  
all farmers. This was because the majority of  
the seeds were used for farming. The majority of 
the seeds produced were used for personal 
production and some were sold to other potato 
farmers. Farmers used seeds for personal 
production because the price of potato seeds  
on the market was expensive. Based on  
the information from potato seed farmers in 
Kertasari, planting potatoes required a large 
amount of capital, in which the price of one 
kilogram of second-generation seeds (G2) ranged 
from IDR 12,000 to IDR 25,000 per kg. 
Some farmers also traded their seeds to other 
farmers without labeling, including the trading  
for seeds outside their area. Farmers indirectly 
distributed unlabeled seeds of unknown quality  
to other farmers. Seed certification is essential  
for determining the quality of seeds (Muthuraj  
et al., 2017). The use of quality seeds can increase  
crop productivity (Roy, 2014). Furthermore,  
Eljai et al. (2017) confirmed that certified seeds 
can meet the market quality standards, guarantee 
high productivity and adapt to various biotic  
and abiotic stresses.  
A correlation needs to be assessed for  
the identified risk event and agent. The severity 
and occurrence values obtained in the risk 
identification process were included in the HOR 1 
model to obtain the ARP value. The ARP 
calculation results depict that the risk agent of  
the seed production process that is not supervised 
by BPSBTPH has the highest ARP value. This 
demonstrates that the unsupervised seed 
production process has the highest likelihood of 
occurrence and is a source of many risk events 
with severe consequences.  
The production and certification process of 
potato seeds are integral parts (Ministry of 
Agriculture, 2014). The potato seed production 
process in Kertasari was not accompanied by  
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seed certification so that it was not supervised  
by BPSBTPH. This allowed various risk events  
to occur.  
HOR 2 
In the previous phase, ARP values for each  
risk agent and the rank of risk agent according  
to the ARP value were obtained. In handling  
the risk agent, the order of managing risk agent 
was determined by the rank of ARP values. 
However, not all risks were treated in the same 
way. To determine the priority risk source that 
would receive handling focus, the pareto principle  
was used. Pareto principle is a simple technique 
that help decision makers identify the most 
significant problems that need to be addressed 
 and resolved right away (Dermawan, 2006).  
The pareto principle, which has an 80:20 rule 
illustrates that 80% of losses come from 20% 
crucial risks and that by managing 20% of crucial 
risks, 80% of the losses can be avoided. 
 
 
Figure 1. Pareto diagram of cumulative percent of ARP across all sources of risk 
 
As presented in Figure 1, the priority risk 
source with the percent cumulative ARP value 
below 20% was the seed production process that 
was not supervised by BPSBTPH. Preventive 
actions (PA) were formulated for priority risk 
sources as detailed in Table 3. 
 
Table 3. List of proposed risk management strategies 
Code Risk agent description Preventive action description 
A32 The seed production 
process was not supervised 
by BPSBTPH 
Propose training to BPSBTPH  
Take part in the certification of potato seed breeder farmers 
Apply for potato seed certification 
A28 Non-certified seeds Buy breeder seeds from vegetable crop research center 
(Balai Penelitian Tanaman Sayuran-Balitsa) 
Buy certified seeds from other breeders 
 
Three preventive actions are proposed to 
handle priority risk agent. To find out which risk 
management strategies need to be performed first, 
an assessment of each PA is needed by 
considering the ease, such as costs incurred and 
resources needed, ranking done by correlation 
assessment and calculation of effectiveness to 
certification (ETD) for each PA. 
The Table 4 shows that the first risk 
management strategy that is necessary to be 
carried out by the farmers in Kertasari in terms of 
potato seed production is to propose training to 
BPSBTPH. To apply for the training, farmers can 
submit to the BPSBTPH office. BPSBTPH will 
process the application and facilitate farmers to 
participate in the training. The training is 
important for farmers because through training, 
they will gain basic knowledge related to the 
importance of using quality potato seeds, quality 
potato seed production technology and possible 
profits from the production of quality potato seeds 
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Table 4. The ranks of proposed preventive actions 
Rank Preventive action description 
1 Propose training to BPSBTPH  
2 Take part in the certification of potato seed breeder farmers 
3 Apply for potato seed certification 
4 Buy breeder seeds from vegetable crop research center (Balai Penelitian Tanaman Sayuran-
Balitsa) 
5 Buy certified seeds from other breeders 
 
After attending the training from BPSBTPH, 
farmers have to take part in the certification of 
potato seed breeder farmers. This is important 
because one of the conditions for farmers  
who want to apply for potato seed certification  
is being registered at BPSBTPH (Ministry of 
Agriculture, 2014). Even though the majority of 
farmers who produce potato seeds in Kertasari 
already have certificates, the certificate is no 
longer valid because of the new regulation of 
propagation technical and certification of potato 
seeds. Farmers who want to register to BPSBTPH 
must fill out the application form and attach  
a photocopy of the valid National Identity  
Card. After the submission is made, BPSBTPH 
will conduct an assessment, field survey and 
interview. 
After having a certificate of competency, 
farmers can apply for potato seed certification. 
The certification aims to ensure the purity of  
the seeds produced, produce high-quality and 
healthy seeds, facilitate the potato seed consumers 
to obtain the seeds as expected and provide 
assurance that the seeds have gone through  
the inspection stage by labeling the seeds 
(Suliansyah et al., 2017). Through potato seed 
certification, various activities carried out by 
farmers during seed production activities are 
supervised by BPSBTPH, starting from land 
preparation to storage in the warehouse.  
Through the implementation of the risk 
management strategy, potato farmers in Kertasari 
will produce quality and worthy potato seeds.  
The results of the study by Bacherin (2004) show 
that farmers in Bandung Regency generally  
did not practice rouging and sorting, both at  
the field and in the warehouse, because of their 
limited skills. By implementing the strategies 
above, the problem can be minimized because 
farmers receive guidance and supervision from 
the BPSBTPH. 
Another prevention strategy that can be 
implemented by farmers to avoid the use of  
non-certified seeds is by buying breeder seeds 
from Indonesian Vegetables Research Institute 
(IVEGRI). The type of seeds that can be 
purchased at vegetable crop research center are in 
the form of plantlets. Plantlets are plants produced 
by in vitro tissue culture. The use of plantlets  
can also be one of the techniques applied to  
avoid attacks of diseases caused by viruses. 
Viruses can survive in potato tubers from one to 
the next generation (Sugihono and Hasbianto, 
2014). According to Priegnitz et al. (2019), 
farmers who are trained in positive selection to  
opt for less virus-infected plants and tubers can 
increase potato production. 
In addition to obtaining seed from vegetable 
crop research center, farmers can buy certified 
seeds from other breeders. The availability of 
certified seeds is one of the conditions set by  
the government for farmers or breeders who  
want to produce potato seeds. The certification  
of seeds aims to produce quality-assured seeds 
and maintain their purity. 
CONCLUSIONS 
This research found that the highest severity  
of impact is rotten harvested potato. The priority 
risk agent identified is seed production process 
that is not supervised by the food and horticulture 
crop seed supervision and certification center,  
as well as non-certified seeds. The effective 
handling strategies include proposing training to 
food and horticulture crop seeds supervision and 
certification center, taking part in the certification 
of potato seed breeder farmers, applying for 
potato seed certification and buying breeder  
seeds from vegetable crop research center and 
from other breeders. This research suggests to 
certify potato seed and renew the competency 
certification of potato seed breeders. 
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